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ABSTRACT

OBJECTIVE.Rectal bleeding is an alarming symptom and requires additional investi-
gation. In infants it has been explained mainly by hypersensitivity. In addition to
dietary antigens, intraluminal microbial agents challenge the immature gut mu-
cosa. Although controlled in the mature gut, these antigens may induce inflam-
mation in the developing gastrointestinal tract. The objectives of this study were to
evaluate prospectively the clinical course of rectal bleeding and evaluate the
impact of cow’s milk allergy and aberrant gut microbiota on the condition. Because
withdrawal of cow’s milk antigens from the infants’ diet is used as a first treatment
without evidence of its efficacy, we also aimed to asses the effect of a cow’s
milk–elimination diet on the duration of rectal bleeding.

METHODS. The study involved 40 consecutive infants (mean age: 2.7 months) with
visible rectal bleeding during a 2-year period at the Tampere University Hospital
Department of Pediatrics. Most of the infants (68%) were fully breastfed. At
enrollment the infants were randomly allocated to receive a cow’s milk–elimina-
tion diet (n � 19) or continue their previous diet (n � 21) for 1 month. Findings
of colonoscopy, fecal bacterial culture, fluorescence in situ hybridization of se-
lected gut genera, specific detection of fecal enteroviruses, rotaviruses, and adeno-
viruses, fecal electron microscopy for viruses, and mucosal electron microscopy for
viruses were assessed. During each visit the severity of atopic eczema, if any, was
assessed according to the SCORAD method. In evaluating the extent of sensitiza-
tion, serum total immunoglobulin E (IgE) and specific IgE and skin-prick tests for
cow’s milk, egg, and wheat were studied. Cow’s milk allergy was diagnosed by
elimination and provocation testing. Five patients were hospitalized; all others
were treated on an outpatient basis. The follow-up visits were scheduled 1 month
later and at the age of 1 year. Sixty-four healthy reference infants were selected as
controls according to the following criteria: age and timing of fecal sampling being
identical to within 1 month.

www.pediatrics.org/cgi/doi/10.1542/
peds.2005-1069

doi:10.1542/peds.2005-1069

KeyWords
rectal bleeding, cow’s milk allergy,
elimination diet, microbes, colonoscopy

Abbreviations
FISH—fluorescence in situ hybridization
IgE—immunoglobulin E
PCR—polymerase chain reaction
Hb—hemoglobin

Accepted for publication Oct 13, 2005

Address correspondence to Taina Arvola, MD,
PhD, Department of Paediatrics, Tampere
University Hospital, PO Box 2000, 33521
Tampere, Finland. E-mail: taina.arvola@uta.fi

PEDIATRICS (ISSN Numbers: Print, 0031-4005;
Online, 1098-4275). Copyright © 2006 by the
American Academy of Pediatrics

e760 ARVOLA, et al
 at Biblioteca Area Medico-Bio on April 5, 2006 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


RESULTS.Altogether, 32 (80%) infants manifested bloody
stools during follow-up (mean [range]: 2.1 [1–15] per
day). The mean number of days with rectal bleeding on
follow-up was 6. Typically, bloody stools occurred irreg-
ularly, for which reason the mean time to the last oc-
currence of rectal bleeding was 24 (range: 1–85) days
from admission. Atopic eczema at presentation or during
follow-up was diagnosed in 38% of the infants. In-
creased specific IgE concentrations or a positive skin-
prick test were uncommon. The growth of the infants
was normal on admission and during follow-up.
Colonoscopy revealed typically focal mucosal erythema
and aphthous ulcerations. The mucosa appeared normal
in less than half of the patients. No anorectal fissures or
colonic polyps were found. Light microscopy revealed
that the overall architecture of the mucosa was well
maintained. Acute inflammation or postinflammatory
state and focal infiltration of eosinophils in the lamina
propria were the most common abnormalities. A cow’s
milk–elimination diet did not affect the duration of rec-
tal bleeding. Cow’s milk allergy was diagnosed in 7
(18%) patients. Virus-particle aggregates were found in
the microvillus layer of the colon epithelium in 8 cases.
The surface epithelium of the virus-positive colon biopsy
specimens regularly showed degenerative changes in the
microvillus layer and epithelial cells. Electron micros-
copy study of the colon biopsies disclosed virus particles
(30 nm in diameter) on the surface of epithelial cells.
Virus particles or RNA were present in feces in only a
minority of the patients. All fecal cultures were negative
for Salmonella, Shigella, and Yersinia. Campylobacter jejuni
was found in the feces of 1 patient, and fecal cultures
were positive for Clostridium difficile in 4 patients, Staph-
ylococcus aureus in 8 patients, and yeast in 2 patients.
Fluorescence in situ hybridization revealed that at the
time of admission the total numbers of bacteria and the
numbers of bifidobacteria and lactobacilli in feces were
lower in the patients compared with controls. The fecal
concentrations of microbes characterized in this study
(Bacteroides, bifidobacteria, Clostridium, lactobacilli, and
enterococci) did not differ significantly between the time
of admission and the second visit in the patients or
controls. At the age of 1 year, 7 patients still suffered
from cow’s milk allergy, 5 of whom also suffered from
multiple food allergies. Atopic eczema and histopatho-
logically confirmed inflammation of the colonic mucosa
at presentation were associated with persistence of cow’s
milk allergy at the age of 1 year. No patients exhibited
gastrointestinal complaints or visible blood in stools.

CONCLUSIONS.Rectal bleeding in infants is generally a be-
nign and self-limiting disorder. Bloody stools occurred
irregularly for only a few days during the following
months. As in a previous report, most infants were ex-
clusively breastfed. In the majority of the patients the
cause of the condition remains unknown. An association

with viruses can be seen in some patients. The microbes
that commonly lead to bloody diarrhea in older children
and adults, Salmonella, Shigella, and Yersinia, were absent
in the present material. The low bifidobacterial numbers
in fecal samples may indicate a significant aberrance that
may provide a target for probiotic intervention to nor-
malize gut microbiota. The gut microbiota overall
seemed stable, because the numbers of major groups of
microbiota tested did not change significantly between
the time of admission and after 1 month. Cow’s milk
allergy among these patients is more uncommon than
previously believed. Cow’s milk challenge is thus essen-
tial in infants who become symptom-free during a cow’s
milk–free diet to reduce the number of false-positive
cow’s milk–allergy diagnoses.

RECTAL BLEEDING IN infants is an alarming symptom
and requires additional investigation. Among chil-

dren of all ages, lower gastrointestinal bleeding has been
the main symptom in 0.3% of patients admitted to an
emergency department.1 The condition comprises heter-
ogeneous manifestations such as allergic colitis, infective
colitis, and the so-called ecchymotic colitis, characterized
by ecchymotic hemorrhages at the mucosal surface of
the colon.2,3 Among older children rectal polyps are the
most common cause of rectal bleeding. The fact that in a
significant proportion of cases investigations have not
revealed an etiology for the bleeding3 calls for new an-
gles on characterization of the disorder.

After birth the gut mucosa is challenged by a myriad
of antigens, from viruses to commensal microbiota and
dietary antigens. Although controlled in the mature gut,
these antigens may induce inflammation in the devel-
oping gastrointestinal tract. The purpose here was to
evaluate prospectively the clinical course of rectal bleed-
ing and evaluate the impact, if any, of cow’s milk allergy
and aberrant gut microbiota on the condition. Because
withdrawal of cow’s milk antigens from the infants’ diet
is used as a first treatment4–6 without evidence of its
efficacy, we also assessed the effect of a cow’s milk–
elimination diet on the duration of rectal bleeding.

METHODS

Patients
During a 2-year period at the Tampere University Hos-
pital Department of Pediatrics, 44 infants with rectal
bleeding were invited to the present study. Inclusion
criteria were: 1 week to 1 year of age, visible rectal
bleeding, and no need for surgical treatment. Three pa-
tients were excluded, and the parents of 1 infant de-
clined participation (Table 1). Thus, the final study pop-
ulation consisted of 40 infants from 4 weeks to 6 months
of age (mean: 2.7 months). One infant was born at a
gestational age of 35 weeks, and all others were born at
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term. Five patients were hospitalized; all others were
treated on an outpatient basis.

Controls
Sixty-four healthy reference infants were selected ac-
cording to the following criteria: age and timing of fecal
sampling being identical to within 1 month.

Ethics
The parents were informed verbally and in writing re-
garding the nature and requirements of the study. Their
written informed consent was obtained, and the study
was approved by the Tampere University Hospital Ethics
Committee.

Design
All patients received the same information, and the fol-
low-up was conducted in a uniform manner. The infants
were studied at enrollment at a mean age of 2.7 months
(range: 3 weeks to 5.5 months); 27 (68%) were receiv-
ing breast milk as the only source of milk (breastfed
infants), 5 (12%) were receiving cow’s milk formula as
the only source of milk (formula-fed infants), and 8
(20%) were receiving both breast milk and cow’s milk
formula (mixed-fed infants). At enrollment, 2 breastfed
and 2 formula-fed infants were fed also with solid foods.
The follow-up visits were scheduled 1 month later (mean
age: 3.7 months; range: 1.6–6.7 months) and at the age
of 1 year (Fig 1). Two patients failed to attend the last
examination, but on telephone inquiry their mothers
reported them to be completely healthy.

Fecal samples from the controls were evaluated at a
mean age of 3.6 months (range: 3 weeks to 9.2 months).

Clinical Evaluation
During each visit the patients were clinically examined
by the same pediatricians (T.A. and T.R.), and blood (for
analysis of blood and differential white blood cell count,
sedimentation rate, and concentrations of C-reactive
protein, serum albumin, sodium, and potassium) and
fecal (for viral, fluorescence in situ hybridization [FISH],
and �-1 antitrypsin analysis) samples were obtained.

Evaluation of Endoscopy
Colonoscopy (with the small, flexible Olympus
[Melville, NY] GIF-N30 endoscope) with multiple biop-
sies was performed (by T.R. and T.A.) on 39 patients at
enrollment without need of prior bowel preparation or
anesthesia. In 1 case, the procedure was not undertaken
after maternal refusal. All biopsies were taken under
direct vision. Biopsy specimens for morphology were
fixed in phosphate-buffered formalin and embedded in
paraffin blocks by using standard methods. Paraffin sec-
tions were stained routinely with hematoxylin and eosin
and reviewed by a pathologist. Colonoscopy was sched-
uled to be repeated after 1 month in patients with his-
topathologically confirmed inflammation.

Evaluation of Hypersensitivity
During each visit the severity of atopic eczema, if any,
was assessed according to the SCORAD method.7 In
evaluating the extent of sensitization, serum total im-
munoglobulin E (IgE) (Phadebas IgE Prist; Pharmacia,
Uppsala, Sweden) and specific IgE for milk, egg, and
wheat (radioallergosorbent assay; Pharmacia) were
studied at enrollment and at the age of 1 year. Skin-prick
tests for cow’s milk, egg, and wheat allergies were stud-
ied during the second visit 1 month after enrollment.

Cow’s milk allergy was diagnosed by elimination and
provocation testing in 2 ways: (1) if rectal bleeding or
atopic eczema disappeared during an elimination diet
and reappeared at the second visit when cow’s milk was
reintroduced to the diet of the infant or the lactating
mother or (2) if an unambiguous adverse reaction to
cow’s milk occurred between the second and the last
visit in open cow’s milk challenge starting and controlled
in the hospital as described previously.8 Open cow’s milk
challenge was applied in 7 cases after cessation of breast-
feeding because of symptoms suggestive of cow’s milk
allergy. Placebo was not used in the challenge because
placebo responses are rare in this age group.8,9

Evaluation of Dietary Intervention
To study the effect of dietary manipulation, the infants
were randomly assigned at enrollment to start a cow’s
milk–elimination diet or continue their previous diet.

TABLE 1 Clinical Features of Infants With Rectal BleedingWho Did Not Participate in the Study (N � 4)

Gender Reason for Nonparticipation Outcome

Refused
4 d old F Exhaustion of the mother No bloody stools

Excluded
1.5 mo old M Suspicion of intussusception Salmonella typhimurium in stools; no bloody stools

after cefotaxime treatment
1 mo old M Suspicion of Hirschsprung disease No bloody stools; constant constipation; diagnosis

of ultra–short-segment Hirschsprung disease
1.5 mo old F Risk of bone fracture during colonoscopy resulting

from osteogenesis imperfecta
No bloody stools
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Altogether, 19 infants went on an elimination diet and
21 continued their previous diet. The elimination diet
comprised an amino acid–derived formula (Neocate;
SHS Int, Liverpool, United Kingdom) in case supplemen-
tary feedings were required (2 were formula-fed and 3
were mixed-fed). In breastfed infants (14 were exclu-
sively breastfed and 3 were mixed-fed), instruction for
the cow’s milk–elimination diet was given to the lactat-
ing mother with the addition of 1000 mg of calcium
gluconate daily. The elimination diet was recommended
verbally and in writing in all cases. Thirteen breastfed, 3
formula-fed, and 5 mixed-fed infants continued their
previous diet. The cow’s milk–elimination period was 1

month, after which time all infants and mothers re-
turned to their previous diet.

The parents filled a daily symptom diary (bloody
stools, fever, vomiting, abdominal pain, eczema, itching)
and recorded stool frequency and consistency (solid,
loose, watery) at home for 1 month between the first
and second visits.

Fecal Bacterial and Viral Analysis

Fecal Bacterial Analysis
Fecal specimens were cooled immediately at 6 to 8°C
after collection from diapers and within 24 hours frozen

FIGURE 1
Diagram of study enrollment, dietary intervention, and follow-up.
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at �70°C until analysis. Fresh fecal samples were cul-
tured for Salmonella, Shigella, Yersinia, Campylobacter,
Clostridium difficile, Staphylococcus aureus, and yeast. Cy-
closerine-cefoxitin fructose agar (CCFA; Oxoid, United
Kingdom) was cultured for C difficile and Dixon agar for
yeast. These cultures were also studied in fecal samples
of the patients’ mothers.

Fecal Virus Analyses
Adenovirus and rotavirus antigens were assessed from
fecal samples by using an enzyme-linked immunoassay
(IDEIA; Dako Cytomation, Glostrup, Denmark) accord-
ing to manufacturer instructions. Enterovirus and rhi-
novirus RNA were detected by using a reverse-transcrip-
tion polymerase chain reaction (PCR) method as
described previously.10

Electron Microscopy of Fecal Specimens
Fecal samples from 34 patients were analyzed by trans-
mission electron microscopy (model JEM 1200 EX; Jeol,
College Station, TX). The samples were diluted with
phosphate-buffered saline (pH 7.4) and placed on Form-
var-coated grids, which then were negatively stained
with 2% aqueous ammonium molybdate.

Electron Microscopy of Colon Biopsy Specimens
Small pieces from the large intestinal mucosa of 20 pa-
tients were excised for a transmission electron micros-
copy study. Details of the specimen-preparation proce-
dure are described elsewhere.11

Fecal FISH
FISH of the fecal samples was performed as described
previously.12 In short, samples were suspended in phos-
phate-buffered saline and homogenized. Bacteria were
fixed with paraformaldehyde and hybridized with Cy3

(a fluorophore) indocarbocyanine-labeled oligonucleo-
tide probe. Probes included Bac303 for Bacteroides,
Bif164 for bifidobacteria, His150 for clostridia of the
Clostridium hystolyticum group, and Lab158 for lactobacilli
and enterococci. Total bacterial counts were determined
by staining with 4�,6-diamino-2-phenylindole (DAPI).
The bacteria were washed and filtered on a 0.2-�m
polycarbonate filter. The filters were mounted on a slide
and counted visually under an epifluorescence micro-
scope using Cy3- and DAPI-specific filters.

Analysis of Fecal �-1 Antitrypsin
Analysis of fecal �-1 antitrypsin was performed as de-
scribed previously.13 The results are given as milligrams
per gram dry weight of lyophilized feces.

Statistics
Data are given as means with range or medians with
interquartile range. Analysis of variance was used in
statistical comparisons.

RESULTS

Clinical Characteristics of Infants With Rectal Bleeding
Twenty two (55%) of the patients were male. The mean
(range) duration of bloody stools before admission was
10 (1–50) days, and mean (range) frequency was 2.7
(1–10) per day. In addition to bloody stools, watery or
mucous stools, abdominal pain, and vomiting were com-
mon (Table 2). The mean (range) duration of exclusive
breastfeeding (not even 1 minute of exposure to solid
foods or milk other than breast milk) was 2 (0–6)
months, and that of total breastfeeding (last breastfeed-
ing) was 8 (1–12) months.

The laboratory abnormalities are presented in Table 3.
Only 1 patient exhibited extensive blood loss and devel-
oped anemia (hemoglobin [Hb]: 87 g/L) that required
iron supplementation on admission. Blood transfusion
with succeeding iron supplementation was given at the

TABLE 2 Clinical Characteristics of Infants (N � 40) With Rectal
Bleeding

Characteristic n (%)

Disease history from birth
Transient viral infection 14 (35)
Transient bacterial infection 5 (13)
Course of antimicrobial medication 6 (15)

On admission
Bloody stools 40 (100)
Mucous stools 29 (73)
Watery stools 15 (38)
Abdominal pain 23 (58)
Vomiting 7 (18)
Respiratory infection 9 (22)
Fever 3 (8)

During follow-up
Bloody stools 32 (80)
Watery stools 5 (13)
Abdominal pain 9 (23)
Vomiting 14 (35)

TABLE 3 The Frequency of Laboratory Abnormalities on Admission
(N � 40) and at 1 Year of Age (N � 38) in Infants With
Rectal Bleeding

Abnormality On Admission,
n (%)

Age 1 y,
n (%)

Anemia (Hb � 105 g/L) 7 (18) 1 (3)
Thrombocytosis (�450 � 109/L) 26 (65) 5 (13)
Eosinophilia (�5% of leukocytes) 12 (30) 0 (0)
Increased erythrocyte sedimentation rate
(�15 mm/h)

3 (8) 6 (16)

Increased C-reactive protein concentration
(�10 mg/L)

2 (5) 1 (3)

Low serum albumin (�36 g/L) 8 (20) 2 (5)
High plasma sodium concentration
(�145 mmol/L)

1 (3) 0 (0)

High plasma potassium concentration
(�4.8 mmol/L)

7 (18) 0 (0)
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age of 8 months (6 months after admission) to 1 infant
who developed iron-deficiency anemia (Hb: 82 g/L;
mean corpuscular volume: 59 fL; mean corpuscular Hb:
19 pg), the cause of which remained unexplained de-
spite extensive examinations including gastroscopy and
colonoscopy.

Altogether, 32 (80%) infants manifested bloody
stools during follow-up (mean: 2.1 per day [range: 1–15
per day]). In 23 cases bloody stools continued longer
than 2 weeks. The mean number of days with rectal
bleeding on follow-up was 6. Typically, bloody stools
occurred irregularly, for which reason the mean (range)
time to the last occurrence of rectal bleeding was 24
(1–85) days from admission. In addition, watery stools,
abdominal pain, and vomiting were recorded during
follow-up (Table 2).

A positive family history of atopy among first-degree
relatives was found in most cases (Table 4). Atopic ec-
zema at presentation or during follow-up was diagnosed
in 38% of the infants. In these patients, the mean
(range) SCORAD score was 7.4 (0.002–30.100) at en-
rollment, 8.8 (0.002–27.800) after 1 month, and 5.5
(3.700–14.700) at the age of 1 year. Total IgE was de-
tectable (�5 kU/L) in 6 patients (range: 6–19 kU/L) at
presentation and 11 patients (range: 6–81 kU/L) at the
age of 1 year. Increased specific IgE concentrations or a
positive skin-prick test were uncommon (Table 4).

The growth of the infants was normal on admission
and during follow-up when compared with Finnish
growth charts for infants.

Concentration of Fecal �-1 Antitrypsin
The median (interquartile range) concentration of fecal
�-1 antitrypsin was 1.6 (1.1–2.6) mg/g on admission.
After 1 month the concentration was 3.5 (2.7–5.0) mg/g.
The difference is not statistically significant.

Characterization of Gut Mucosa
During colonoscopy, the cecum was reached in 8 (21%)
patients, and the examination covered the mucosa from
rectum to transverse colon for the rest of the patients. No
anorectal fissures or colonic polyps were found. Macro-
scopically, focal mucosal erythema and aphthous ulcer-
ations were common (Table 5). The mucosa appeared
normal in less than half of the patients.

Light microscopy revealed that the overall architec-
ture of the mucosa was well maintained. Acute inflam-
mation or postinflammatory state and focal infiltration
of eosinophils in the lamina propria were the most com-
mon abnormalities (Table 5). Only 2 patients manifested
visible hemorrhage on the mucosa. In most cases, biopsy
specimens evinced no diagnostic abnormalities.

In subsequent colonoscopic examination of 7 patients
with histopathologically confirmed inflammation, le-
sions were found to be healed in 4. Eosinophilia was still
observed in 1 patient and inflammatory changes in 2
patients. In 6 patients with histopathologically con-
firmed inflammation a pathologic review was not avail-
able at the second visit, therefore bypassing the second
colonoscopy.

Association of Cow’s Milk Antigens With Rectal Bleeding

Effect of Cow’s Milk Elimination
When evaluated in whole groups, a cow’s milk–elimi-
nation diet did not affect the duration or severity of
rectal bleeding during follow-up. The mean (range)
number of days with rectal bleeding during follow-up
was 5.6 (0–22) in infants who were randomly assigned
to a cow’s milk–elimination diet and 5.5 (0–20) in those
randomly assigned to continue their normal diet (P �
.94). Also, the mean number of bloody stools per day
during follow-up and the time to the last occurrence of
rectal bleeding were comparable in both groups. How-
ever, in patients who were later diagnosed to have cow’s
milk allergy, random assignment to a cow’s milk–elimi-
nation diet tended to shorten the duration of rectal
bleeding as compared with those who were randomly
assigned to continue their normal diet.

TABLE 4 Allergological Data on Infants (N � 40) With Rectal
Bleeding

n (%)

Family history of atopy/asthma 23 (58)
Atopic eczema 15 (38)
On admission 8 (20)
During follow-up 7 (18)

Positive RAST
On admission 0 (0)
At the age of 1 y
Cow’s milk 4 (10)
Egg 3 (8)
Wheat 1 (3)

Positive skin-prick test
Cow’s milk 2 (5)
Egg 1 (3)
Wheat 0 (0)

Diagnosis of cow’s milk allergy 7 (18)
On dietary intervention 2 (5)
On cow’s milk challenge 5 (13)

RAST indicates radioallergosorbent assay (positive indicates �0.4 kU/L).

TABLE 5 Colonoscopic Macroscopic and Microscopic Findings on
Admission in Infants (N � 39) With Rectal Bleeding

n (%)

Macroscopic
Normal mucosa 16 (41)
Focal erythema 20 (51)
Aphtous ulcerations 13 (33)

Microscopic
Normal 23 (59)
Inflammation 13 (33)
Eosinophilic infiltration 9 (23)
Hemorrhage 2 (5)
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Outcome of Clinical Challenge
Cow’s milk allergy was confirmed by the reappearance
of rectal bleeding and atopic eczema after reintroduction
of cow’s milk to the diet of the infant in 1 case and to the
lactating mother in another after a 1-month elimination
period (Table 4). Between the second and third visits,
open cow’s milk challenge elicited a positive reaction in
5 of 7 patients. In these 5 patients, the response to
challenge was acute-onset urticaria after ingestion of 1
to 30 mL of cow’s milk. Altogether, the prevalence of
cow’s milk allergy among the patients with rectal bleed-
ing was 18%.

Association of Intraluminal Microbes With Rectal Bleeding
All fecal cultures were negative for Salmonella, Shigella,
and Yersinia. Campylobacter jejuni was found in the feces
of 1 patient. Because of prolonged symptoms, the patient
was treated with azithromycin for 3 days. Fecal cultures
were positive for C difficile in 4 patients, S aureus in 8
patients, and yeast in 2 patients.

Also, 1 mother had Campylobacter in the feces. How-
ever, her infant had a negative fecal culture. Cultures
were negative for Salmonella, Shigella, Yersinia, and C
difficile in all mothers. S aureus was found in the feces of
1 mother and yeast in 6 mothers.

FISH
At the time of admission the numbers of bifidobacteria
and lactobacilli and total microbial counts in feces were
lower in the patients with rectal bleeding compared with
controls (Table 6). The fecal concentrations of microbes
characterized in this study (Bacteroides, bifidobacteria,
Clostridium, lactobacilli, and enterococci) did not differ
significantly between the time of admission and the
second visit in patients or controls (data not shown).

Detection of Viruses in Fecal Samples
Enterovirus RNA was present in the feces of 6 (15%) of
39 patients and 3 (6%) of 52 controls; the difference was
not statistically significant (P � .13). Also, there was no
difference in the presence of rhinovirus RNA in the feces
of patients (9 of 39 [23%]) and controls (8 of 52 [15%]).

Neither rotavirus nor adenovirus antigens were not
found in any of the patients.

Virus particles were detected by electron microscopy
in 4 (12%) of 34 patients but in no controls. These
patients were also PCR-positive for either enterovirus (1
of 4) or rhinovirus (3 of 4).

Electron Microscopy of Colon Biopsy Specimens
Virus-particle aggregates were found in the microvillus
layer of the epithelium in 8 cases. In 7 of these, virus
RNA was also detected in the PCR study. However, only
3 of them had virus particles detected with electron
microscopy of fecal samples. The surface epithelium of
the virus-positive colon biopsy specimens regularly
showed degenerative changes in the microvillus layer
and epithelial cells. Electron microscopy study of the
colon biopsies disclosed virus particles (30 nm in diam-
eter) on the surface of epithelial cells. Typically, numer-
ous intercalated virus particles were located between
microvilli (Fig 2). No virus particles were found in the
specimens from the PCR-negative patients.

Clinical Outcome at the Age of 12 Months
At the age of 1 year, 7 patients still suffered from cow’s
milk allergy, 5 of whom also suffered from multiple food
allergies (including allergy to cereals). Atopic eczema
and histopathologically confirmed inflammation of the
colonic mucosa at presentation were associated with
persistence of cow’s milk allergy at the age of 1 year. No
patients exhibited gastrointestinal complaints or visible
blood in stools. Laboratory results were generally normal
(Table 3).

DISCUSSION
Our results demonstrate that rectal bleeding is a benign
and self-limiting disorder in infants. Bloody stools oc-

FIGURE 2
Transmission electronmicrograph of a colon biopsy specimen. Numerous virus particles
located between microvilli are seen at the microvillus layer of the epithelium.

TABLE 6 Bacterial Counts as Determined by FISH in Fecal Samples
From Patients With Rectal Bleeding (N � 26) and Controls
Patients (N � 17)

Bacterial Genus Patients,
Counts � 109

Controls,
Counts � 109

P

Bifidobacterium 1.35 (0.68–2.10) 6.77 (3.20–10.33) .0004
Lactobacillus/Enterococcus 1.64 (0.63–2.65) 5.92 (2.60–9.24) .0039
Bacteroides 1.83 (0.45–3.22) 3.86 (0.59–7.13) .18
Clostridium 1.27 (0.58–1.96) 1.72 (0.69–2.76) .43
Total microbial counts 4.00 (2.57–5.42) 11.11 (6.49–15.74) .0007

Results are expressed as geometricmeans (95%confidence interval) of bacterial concentrations
per gram wet weight.
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curred irregularly for only a few days during the follow-
ing months. As in a previous report,14 most of the infants
were exclusively breastfed.

According to the literature, diarrhea, vomiting, ab-
dominal pain, anorexia, and failure to thrive are the
most common symptoms in addition to bloody stools.15

In the present study, loose and mucous stools, abdomi-
nal pain, and vomiting were seen frequently. Diarrhea
may have also led to dilution of intestinal contents and
washing out of microbiota, as reflected by lower total
microbial counts in the subjects with rectal bleeding.
However, in our patients, growth was normal, perhaps
because of the mild and transient nature of the disorder.

Cow’s milk allergy has been considered to be the most
common cause of bloody stools in infants.16 This has
been demonstrated in 33 newborn infants whose symp-
toms disappeared after elimination of cow’s milk anti-
gens from the infant’s or the lactating mother’s diet and
recurred after an open milk challenge.17 However, the
diagnosis of cow’s milk allergy in some other reports on
infantile rectal bleeding5,6 was not based on elimination
and challenge testing, which is the only reliable means
of diagnosing food allergy. In a study of 9 exclusively
breastfed infants, rectal bleeding was suspected to be a
result of cow’s milk allergy, because the symptoms dis-
appeared during a maternal cow’s milk–elimination di-
et.14 However, no challenge tests were performed to
confirm the suspicion. Indeed, histologic findings of in-
creased numbers of eosinophils in the lamina propria
together with negative stool bacterial culture have been
considered to make food challenges unnecessary in the
diagnosis of allergic proctocolitis.6,18 In the present study,
cow’s milk allergy was diagnosed in only 18% of the
patients. On the basis of our results, we strongly recom-
mend a cow’s milk challenge in infants who become
symptom-free during an elimination diet to reduce the
number of false-positive cow’s milk–allergy diagnoses.

The elimination of cow’s milk antigens from the diet
of infants with rectal bleeding or from the diet of the
lactating mother is a commonly used and recommended
practice,4,14,17 although it seems effective for only some
patients.4 To our knowledge, our study is the first to
evaluate systematically the effect of a cow’s milk–elimi-
nation diet on the duration and severity of rectal bleed-
ing in infants. We showed that the number of days with
rectal bleeding during follow-up was identical in infants
who were randomly assigned to an elimination diet or to
continue their previous diet. However, the elimination
diet seemed to shorten the duration of rectal bleeding in
infants who were diagnosed later as having cow’s milk
allergy. We therefore suggest initiating a cow’s milk–
elimination diet for a limited period of time in infants
with rectal bleeding but stress the importance of a cow’s
milk challenge because of spontaneously favorable out-
come of the condition. However, it should be noticed
that our study population may not represent a homog-

enous group. Exclusively breastfed, exclusively formula-
fed, and mixed-fed infants with rectal bleeding may
have various responses to an elimination diet and differ-
ent outcome of the condition.

The intestinal microbiota have an important role in
the etiology of many diseases. Evidence for microbial
involvement has been described in case reports on
young immunocompetent infants presenting with rectal
bleeding and diarrhea and diagnosed as suffering from
gastrointestinal infection caused by cytomegalovirus.19,20

Because cytomegalovirus infection is believed to be rare
in healthy individuals, investigations for this microbe are
not usually undertaken; it therefore remains unclear
whether cytomegalovirus enterocolitis is truly rare or
whether milder forms of the infection are not being
recognized. The association of other viruses with rectal
bleeding in infants has not been systematically studied.
In the present study, electron microscopy examination
of fecal and colon biopsy specimens revealed virus par-
ticles in a few patients. Electron microscopy study may
be an insensitive method to recognize virus infection,
because it demands an abundance of virus particles in
the samples. In the case of a sample with low virus
concentration, virus-particle–enrichment procedures
may increase the sensitivity of electron microscopy
study, but these procedures were not used in our inves-
tigation. In addition to electron microscopy, we used
more sensitive virus-specific tests for the detection of
enterovirus, rotavirus, and adenovirus, which represent
the most common enteral viruses in this age group.
Rhinovirus was analyzed as a control, because its pres-
ence in feces is likely to represent swallowed respiratory
viruses rather than a true intestinal pathogen (rhinovi-
ruses do not replicate in the intestine). Rotavirus and
adenovirus were not detected in any of the patients, and
the highly sensitive enterovirus reverse-transcription
PCR method demonstrated enterovirus RNA in only a
minority of patients, with no difference compared with
control subjects, suggesting that enterovirus could not be
an important causative agent in infantile rectal bleeding.

We had only 1 patient with C jejuni, and there was no
evidence of mother-to-child transmission. The microbes
that commonly lead to bloody diarrhea in older children
and adults, Salmonella, Shigella, and Yersinia, were absent
from our patients. Altogether, 14 infants had fecal cul-
tures positive for C difficile, S aureus, or yeast, the mi-
crobes of which are regarded as part of the normal
intestinal microbiota in infants.

The FISH technique used for enumeration of bacterial
concentrations demonstrated that significantly lower
numbers of bifidobacteria and lactobacilli were present
in patients when compared with control subjects. In
view of the well-characterized dominance of bifidobac-
teria in breastfed infants,21 representing the majority of
our patients, the low bifidobacterial counts in patients
most likely reflects the clinical condition. Also, the total
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viable counts in feces of patients with rectal bleeding
were lower compared with healthy controls. This sug-
gests that there may have been a diluting effect by
diarrhea on fecal microbiota and that the luminal micro-
biota may also be affected by the condition. Bifidobac-
teria and lactobacilli may prove to be biomarkers of such
disturbances, providing a target for intervention by pro-
biotic lactic acid bacteria or bifidobacteria. These micro-
bial groups, especially bifidobacteria, are considered im-
portant indicators of balanced succession of microbiota
in breastfed infants.21 The health promoting effect of
breast milk has been linked to bifidogenic oligosaccha-
rides, which promote a significant bifidobacteria micro-
biota and provide the infant with improved colonization
resistance against pathogens. Thus, the low bifidobacte-
rial numbers may indicate a significant aberrance that
may provide a target for probiotic intervention to nor-
malize gut microbiota. The gut microbiota overall
seemed stable, because the numbers of major groups of
microbiota tested did not change significantly between
the time of admission and after 1 month.

CONCLUSIONS
Rectal bleeding in infants is a benign and self-limiting
disorder in which total numbers of bacteria in intestinal
contents are decreased. Cow’s milk allergy among these
patients is less common than previously believed, and a
cow’s milk challenge is therefore essential in infants who
become symptom-free during a cow’s milk–elimination
diet. An association with microbes can be seen in some
patients, but in the majority of cases, the cause of the
condition remains unknown.
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